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Abstract: This study examined the effects of beneficial rhizobacterium Pseudomonas chlororaphis strain AFS009 and
entomopathogenic fungus Beauveria bassiana strain GHA against plumeria rust Coleosporium plumeriae. Two pre-
emptive or three curative laboratory experiments and a curative field experiment were conducted to examine the effects
of these commercially available biocontrol products. Treatments included the application of B. bassiana at 1.23 g/L and
P, chlororaphis at 3 or 9 g/L. Systemic fungicide azoxystrobin applied at 0.12 g/L and water were included as positive
and negative controls, respectively. While its effect was insignificant in the field trial, B. bassiana reduced the rust
pustule development in one of two preemptive and two of three curative laboratory trials. In contrast, P. chlororaphis
applied at 9 g/L suppressed the number of rust pustules in both laboratory and field experiments, demonstrating its
potential biological activity against plumeria rust. In the field trial, the effect of P. chlororaphis was observed at 14 days
post-treatment, suggesting that an application interval of 14 days on infected plants can take the rust under control.
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Plumeria (Plumeria spp.), a member of Apoc-
ynaceae family, is a perennial ornamental shrub
found worldwide in tropical and subtropical cli-
matic regions. This deciduous shrub is a popular
ornamental that is grown for its beautiful foli-
age and fragrant flowers in parks and landscape
establishments. In the states of Hawaii, Texas,
Florida, and California, plumeria is a well-known
landscape plant in residential and commercial
settings. To date, eight species of Plumeria and
Catharanthus roseus (L.) G. Don host plumeria
rust (Coleosporium plumeriae Pat.) (Kakishima

et al. 2017). The fungus attacks both mature and
young leaves of plumeria but typically the latter are
less susceptible due to high latex content. The la-
tex demonstrated chitinase activity and is known
to inhibit germination of uredinio spores (Wee-
raratne & Adikaram 2006). Infection is character-
ized by its powdery rust pustules of bright yellow-
orange urediniospores on the underside of leaves.
The rust fungus is less likely to kill the plant or di-
rectly affect its flowers, but defoliation reduces its
photosynthetic ability and aesthetic values of the
ornamental.
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Several control measures have been recommend-
ed to manage the plumeria rust. One simple meth-
od is sanitation. Planting plumeria in drier regions
with good plant spacing lessens the chance of the
fungus developing and spreading; less airflow and
high humidity favor proliferation of this pathogen
(Nelson 2009). Heritage® (a.i. azoxystrobin, Syngen-
ta Crop Protection, Inc., USA) and Eagle 20EW® or
Eagle 40WP® (a.i. mycobutanil, Dow Agro Sciences
LLC, USA) are some chemical fungicides that have
been registered to control the plumeria rust. How-
ever, chemical control of rust pathogens has some
limitations owing to economic, environmental, and
technological reasons (Moricca & Ragazzi 2008).

Pseudomonas chlororaphis is a beneficial rhizo-
bacterium and is a well-known biological control
agent. Various strains of Pchlororaphis have been
reported to be active against multiple foliar and
soil-borne plant pathogens including Alternaria
(Jain & Pandey 2016), Botrytis (Kim et al. 2008;
Ajouz et al. 2011), Corynespora (Kim et al. 2004,
2008), Colletotrichum (Bardas et al. 2009; Tagele
et al. 2019), Erwinia (Spencer et al. 2003; Kim et
al. 2008), Fusarium (Chin-A-Woeng et al. 1998;
Jain & Pandey 2016; Huang et al. 2018), Phytoph-
thora (Jain & Pandey 2016; Miguelez-Sierra et al.
2019), Pseudomonas syringae (Radtke et al. 1994),
Pythium (Chatterton et al. 2004), Sclerotinia
(Nandi et al. 2017), and Stemphylium (Tagele et
al. 2019) among others. Another soil-borne ben-
eficial organism is the entomopathogenic fungus
Beauveria bassiana (Bals.-Criv.) Vuill. (Ownley et
al. 2010). This entomopathogen is well document-
ed for its effects against insect pests but has also
shown some promise against plant pathogens.
The entomopathogenic fungus has been report-
ed to limit the growth of plant fungal pathogens
in vitro or reduced diseases caused by Pythium,
Rhizoctonia, and Fusarium in plant assays (Own-
ley et al. 2010). The biocontrol has also been shown
to suppress pustule development of Puccinia on
wheat (Sheroze et al. 2002).

To date, P. chlororaphis and B. bassiana as bi-
ological control agents have not been tested
against plumeria rust. The hypothesis of this study
was that P chlororaphis and B. bassiana would
suppress plumeria rust as preemptive and curative
treatments. The objective of this study was to ex-
amine the effects of commercially available Beau-
veria bassianastrain GHA and Pseudomonas chlo-
roraphisstrain AFS009 against the plumeria rust.
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MATERIAL AND METHODS

The hypothesis was tested in two preemptive or
three curative laboratory trials and one curative
field experiment on plumeria rust-free and infected
leaves or plants.

Preemptive experiment. Two benchtop trials
were conducted on June 22 (Trial I) and June 29
(Trial II) of 2019 to examine the effects of Beau-
veria bassiana strain GHA (BotaniGard®, Bio-
Works, USA) and Pseudomonas chlororaphis strain
AFS009 (Howler™, AgBiome Inc., USA) against
plumeria rust. Treatments included B. bassiana
applied at 1.23 g/L (BB), and P. chlororaphis at low
(PCL; 3 g/L) or high (PCH; 9 g/L) rates. Systemic
fungicide azoxystrobin (Heritage®, Syngenta, USA)
was applied at 0.12 g/L as a standard positive con-
trol (AZ) and distilled water as a negative control
(NT). Rust-free plumeria leaves were collected and
leaf discs prepared enough to fit 60 mm x 15 mm
Petri dish (Figure 1A). With modifications to meth-
odology by Garcia-Nevarez and Hidalgo-Jaminson
(2019), the leaf discs were individually disinfected

Figure 1. Laboratory experiment set up (A), untreated
water control treated plumeria leaf disc (B), and Pseudo-
monas chlororaphis or azoxystrobin treated plumeria leaf
disc (C)

Arrowheads are point to rust pustules
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in 1% sodium hypochlorite for 10 s, double rinsed
in distilled water for 10 s each time, blotted dry
with a paper towel, and dipped in respective treat-
ment suspensions for 4 hours. Then individual leaf
discs were placed in Petri dishes, sprayed to runoff
with plumeria rust suspension at 1.5 x 10° colony
forming unit per mL, and incubated at 24 °C on
the benchtop. The treatments were replicated sev-
en times and arranged in a completely randomized
design. Three observations were made at two days
interval where number of rust pustules per leaf
disc were counted at each time of observation (Fig-
ures 1B and 1C).

Curative experiment. Three benchtop trials
were conducted on June 19 (Trial I), June 29 (Tri-
al II) or July 8 (Trial III) to examine the effects of
P chlororaphis and B. bassiana against plumeria
rust on naturally infected leaves. Infected plumer-
ia leaves exhibiting yellow-brown pustules of the
fungus were collected, leaf discs prepared in the
same manner as described above, and subjected
to the same fungicide treatments (NT, BB, PCL,
PCH, and AZ) as in the preemptive experiments.
The leaf discs were placed individually in Petri dish-
es and sprayed to runoff with respective treatment
suspensions. Petri dishes containing the treated
leaf discs were incubated at 24 °C on a benchtop.
The treatments were replicated seven times, where
each replicate had four Petri plates, and observed
four and two times in Trials I and II, respective-
ly. In Trial III, the treatments were replicated five
times, where each replicate had four Petri plates
and observed two times. All three trials were ar-
ranged in a completely randomized design. At each
time of observation, the numbers of the rust pus-
tules per cm? from four random spots on a leaf disc
were counted using a 90 mm x 15 mm Petri Dish
Grid (Thomas Scientific, USA).

Field experiment. A field trial was initiated on
July 22, 2019, at Magoon Teaching and Research fa-
cility (21°18'24.9"N and 157°48'33.1"W) at the Uni-
versity of Hawaii, Honolulu, HI, where treatments
were applied on selected branches of plumeria
trees naturally infected with plumeria rust. Treat-
ments included NT, BB, PCL, PCH, and AZ, simi-
lar to laboratory trials were applied at the same
application rates as in the preemptive or curative
experiments. In detail, five plumeria trees natu-
rally infected with the rust fungus were selected
and five branches each bearing 4—16 leaves per tree
were tagged with survey tapes. Branches were each

204

https://doi.org/10.17221/86/2022-PPS

bagged with 3.8-L plastic sampling bags to avoid
spray drift. Each treatment was delivered using
a hand-held Delta Plant Care Pressure Sprayer®
(Delta Industries, Allentown, USA). The sprayer’s
nozzle was firmly held inside the sampling bag and
the treatment suspensions were sprayed to runoff.
Observations were made before treatment, and
at 2-, 4-, 7-, 14-, 28-, and 42-days post-treatment,
where counts of infected and healthy leaves per
branch were recorded at each time of observation.

Statistical analysis. Data collected from
the preemptive, curative, and field experiments were
checked for normality using Proc Univariate in Sta-
tistical Analytical Software version 9.4 (SAS Insti-
tute Inc., USA). Where necessary, data were normal-
ized using loglO (x + 1) and subjected to repeated
measure analysis of variance (ANOVA) in SAS. Data
within each preemptive trial and within each cura-
tive trial were combined and analyzed as no signifi-
cant interactions were observed at P < 0.05 between
treatment and time of observation. The data in the
field experiment had interaction between treatment
and time of observation, thus the data were analyzed
by observation time. Only true means were present-
ed in bar and line graphs.

RESULTS AND DISCUSSION

The significant finding in this study was that
P. chlororaphis applied at the high rate (PCH; 9 g/L)
was effective and consistent in reducing plumeria
rust pustules in one preemptive (Figure 2) or three
curative trials (Figure 3), and one field (Figure 4) ex-
periments (P < 0.05). In Trial I of the preemptive ex-
periment, PCH and B. bassiana applied at 1.23 g/L
(BB) both suppressed the number of rust pustules
similar to azoxystrobin compared to untreated
(NT) water control (P < 0.05; Figure 2). In Trial II
of the preemptive experiment, the number of rust
pustules was too low to detect any significant dif-
ferences (Figure 2). In curative trials in the labora-
tory, PCH reduced number of pustules on the leaf
discs in all three trials while BB did so only in two
of three trials; both performed in the same man-
ner as AZ compared to NT (P < 0.05; Figure 3).
In the same experiment, PCL reduced the number
of plumeria rust pustules only in Trial II (P < 0.05;
Figure 3). In the field experiment, PCH reduced
the number of rust-infected leaves at 14-days after
treatment (P < 0.05; Figure 4), a trend consistent
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Figure 2. Means (n = 21) of rust pustule numbers per leaf
disc affected by treatments in laboratory preemptive
experiment, Trial I (A) and Trial II (B)

AZ - azoxystrobin; BB — Beauveria bassiana; NT —
untreated water control; PCH — Pseudomonas chlororaphis
at a high rate; PCL — Pseudomonas chlororaphis at alow rate
abMeans with the same letter(s) are not different at P < 0.05,
according to the Waller-Duncan k-ratio (k = 100) ¢-test

with the results in preemptive and curative labo-
ratory experiments. However, no significant treat-
ment effect was observed at 28- and 42-days post-
treatment when the experiment was terminated.
This study found that P. chlororaphis at the high
rate (9 g/L) was effective at suppressing plumeria
rust pustule development on plumeria. The ef-
fective foliar application rate is only 30% of the
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minimum label rate (25.09 g/L) for ornamentals.
Pseudomonas chlororaphis employs one or more
mechanisms of action including antibiotic activ-
ity (Chin-A-Woeng et al. 1998), cell wall degrad-
ing enzymatic activity (Chin-A-Woeng et al. 1998),
and elicitation or induction of host plant resistance
against plant pathogens (Han et al. 2006; Kim et al.
2008). It is worth noting, in preemptive and cura-
tive experiments, that the high rate of P. chlorora-
phis suppressed plumeria rust pustule development
in the same manner as azoxystrobin the systemic
fungicide. This suggested that P. chlororaphis might
have elicited not only systemic response as but also
acted as an antibiotic and/or promoted enzymatic
activities against the rust. Results from the field
experiment, where the high rate of P chlororaphis
reduced the percent of infected leaves 14 days after
treatment, suggested that the biological control can
be applied at 14 days interval to take plumeria rust
infection under control.

Beauveria bassiana is an entomopathogenic
fungus that releases an array of diverse secondary
metabolites including beauvericin, bassianolide,
basianin, tenellin, and cyclosporin A possessing
insecticidal, antibiotic, cytotoxic, and/or iono-
phoric properties (Logrieco et al. 2002; Keswani
et al. 2013). On insect hosts, following spore at-
tachment and germination, B. bassiana releases
extracellular chitinases and proteases that degrade
chitinous and proteinaceous components, facili-
tating hyphal penetration (Keswani et al. 2013).
With these antibiotic, chitinolytic, and proteolytic
activities, B. bassiana has shown promise against
rust development of wheat leaf rust (Sheroze et al.

(B)

No. pustules/cm?

NT BB PCL PCH AZ

Figure 3. Means of rust pustule numbers per cm? affected by
treatments in laboratory curative Trial I (A) (n = 112), Trial
II (B) (n = 56), and Trial III (C) (1 = 80)

AZ — azoxystrobin; BB — Beauveria bassiana; NT — untreated
water control; PCH — Pseudomonas chlororaphis at a high rate;
PCL - Pseudomonas chlororaphis at a low rate

a-dMeans with the same letter(s) are not different at P < 0.05,
according to the Waller-Duncan k-ratio (k = 100) ¢-test
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Figure 4. Effects of treatments overtime in field curative
experiment

AZ - azoxystrobin; BB — Beauveria bassiana; NT —
untreated water control; PCH — Pseudomonas chlororaphis
at a high rate; PCL — Pseudomonas chlororaphis at alow rate
*Significant difference at 14 days after treatment

Lines represent means (1 = 5)

2002). In this study, B. bassiana has demonstrated
some activity against the plumeria rust but was not
as significant and consistent as P chlororaphis
at 9 g/L.

Overall, P. chlororaphis strain AFS009 was dem-
onstrated to be a potential biological fungicide
against the plumeria rust pathogen. In fields in-
fested with plumeria rust, foliar applications of
P, chlororaphis at 9 g/L at 14 days interval can take
the rust fungus under control.
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